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(54) Heating and air-conditioning installation 

(57) An independent heating and air-conditioning 
installation has a fuel cell (1) used as a source of elec- 
tricity and heat The fuel celi is connected to a delivery 
and/or compression device (2) of a thermodynamic cir- 



cuit (10). The thermodynamic circuit has a coolant cir- 
cuit assigned to the fuel cell (1) supplying at least one 
useful heat exchanger (6, 6; 8, 15; 8, 17, 20), 
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Description 
Reid of the inv onHnn 

[0001] The Invention relates to a heating and air- s 
conditioning installation for a vehicle. 

Background of th« 1n Y ^f ff » 

[0002] A h eating end air-conditioning installation for io 
a vehicle usually comprises a heating circuit, connected 
. to the engine coolant circuit, and a thermodynamic sec- 
ondary circuit used for cooling purposes, which has 
both an evaporator used as a heat sink and a wasta 
heat exchanger. The requirements for the air-condition- 15 
ing of 

[0003] vehicles have increased constantly in recent 
yasus. More precisely, modern heating and air-condi- 
tioning Installations for vehicles need a fast response 
time In order to provide sufficient heating power under 20 
virtually a/I driving situations. In order to achieve this, it 
has become common In recent years to use electrical 
heaters, which are provided as so-caUed reheaters, e.g. 
in the form of a PTC heating register. These electrical 
heaters are occasionally also used to fulfill the function 23 
of heating while the vehicle Is stopped. 
10004] The thermodynamic secondary circuit, used 
for cooling purposes, is usually driven by using a 
mechanically powered compressor, which delivers and 
compresses the refrigerating fluid. In order to provide ao 
sufficient cooGng power even at low engine speeds or 
when the engine Is switched off, electrically powered 
compressors have also been proposed In recent years, 
which are usually switched for the vehicle alternator- 
battery circuit ^ 
[Q0O5J In order not to put excessive load on the 
electrical network of the vehicle, ft has also been pro- 
posed in this context (internal prior art) to power the 
compressor electrically by using a fuel cell. 
[0006] European Published Application number <o 
0638712 has disclosed a possible way of Integrating a 
fuel cell in a coolant circuit belonging to the vehicle, In 
order to make It possible to supplement the heating 
power provided by the vehicle with the waste heat from 
the fuel ceil. ^ 
[0007] However, none of the sofutions known to 
date makes It possible satisfactorily to give heating and 
alr-condrtionlng of the vehicle which Is Independent of 
the situation of the vehicle. 

[0008] A primary object of the invention is to at least so 
partially mitigate the difficulties of the prior art 
[00O9J It is an object of embodiments of the present 
Invention to provide an Independent heating and air- 
conditioning installation for a vehicle, which allows the 
temperature of the interior of the vehicle to be regulated 55 
satisfactorily with high efficiency. A further object of 
embodiments of the present invention is to provide an 
independent heating and air-conditioning installation, 



which can be Integrated in the vah icfeiif respective of the 
way in which the latter Is powered, in particular as a ret- 
rofit assembly for an existing vehicle. 

Summary of th^fn"""»^n 

[001 0] According to the invention, there is provided 
an Independent heating and air-conditioning Installation 
having a fuel cell, said fuel cell being used as a source 
of electricity and heat, said fuel cell being connected to 
a delivery and/or compression device of a thermody- 
namic circuit with a coolant circuit assigned to the fuel 
cell and at least one further fluid circuit supplying at 
least one useful heat exchanger. 
|0011] Put another way, a combined heat and 
power system is proposed, which guarantees tempera- 
ture regulation independent of the situation and nature 
of the vehicle with high efficiency. Since currently avail- 
able fuel cells are usually cooled by detanked water. In 
particular In order to avoid short-circuiting the fuel cell, 
the s6Krtfon proposed according to the invention further 
provides the advantage that It is possfcle to obtain com- 
plete flulcOc decoupling from any system that there may 
be for cooling the vehicle engine. 
[0012] The heating and air-conditioning Installation 
advantageously comprises a waste heat exchanger, 
which may optionally be supplied with a further fluid. 
The wastB heat exchanger can be used to avoid exces- 
sive heating of the fuel cell. As an alternative and/or in 
addition, the waste heat exchanger may also be used, 
when cooling is taking place, to dissipate the heat aris- 
ing in the refrigerating circuit in order to reduce the 
number of components, the waste heat exchanger may 
be supplied both with a fluid from the heating and air- 
conditioning installation and with a fluid from the engine- 
cooling system of the vehicle, so that the amount of fit- 
ting required can be reduced by shared use of the plate 
structure. 

[0013] In a preferred embodiment, the useful heat 
exchanger can be designed as a heat store. The stor- 
age of heat which Is not needed for regulating the tem- 
perature of the passenger compartment actualry makes 
it possible, e.g. for an internal combustion engine, to 
provide Improved operating parameters in the starting 
phase. The heat store can also be used to keep the fuel 
cell at its operating temperature when the heating and 
air-conditioning installation is switched off. 
[0014] The useful heat exchanger, or one of the 
useful heat exchangers, is advantageously a radiator 
which is used for heating air and may optionally also be 
supplied with a further fluid, e.g. the coolant belonging 
to the engine. When so-called high-temperature fuel 
cells, or fuel cells that are operated at medium temper- 
atures, are employed, the waste heat from the fuel cell 
can hence be used directly tor heating purposes. 
[0015] In a preferred embodiment, the useful heat 
exchanger, or one of the useful heat exchangers, is a 
fluid/fluid heal exchanger or a fluid/fluid/alr heat 
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exchanger. When it is designed as a fluid/fluid heat 
exchanger, the opportunity hence exists to feed the 
waste heat from the fuel ceil with Utile loss into a ther- 
modynamic circuit designed as a heat pump. When it is 
configured as a fruid/rluid/aJr heat exchanger, on the 
other hand, the opportunity exists to couple a fuel cell in 
a straightforward way to a reversible thermodynamic cir- 
cuit, which can be operated either as a heat-pump cir- 
cuit or as a refrigerating circuit.. In a preferred 
embodiment the thermodynamic circuit Is therefore 
designed to be reversible, e.g- by designing the delivery 
and/or compression device to be reversible. As an alter- 
native, the reversible configuration of the thermody- 
namic circuit may also be obtained by means of 
corresponding control elements, e.g. in the form of sev- 
eral mufti-way valves. 

£0016] In a further preferred embodiment, the fuel 
ceJI is connected to an electrical heater, in particular a 
PTC hearing register. During heating operation, the 
thermal power of the fuel ceil can hence be used to pre- 
heat air, which Is then brought to the desired tempera- 
ture by using a PTC heating register, it being possible 
tor some of the electrical power made available by the 
fuel cell to be used in the PTC heating register. 
[0017) Lastly, It is preferable for the electricity gen- j 
erated In the fuel cell to be used to power a wide variety 
of secondary units, e.g. fans, control instruments and 
switching elements. 

B rief desc r ipti o n o fth? drawings Further advantages i 
and features of the present Invention will be found in the 
following detailed, purely exemplary description of a few 
currently preferred purely illustrative embodiments. The 
description Is provided with reference to the appended 
drawings, in which: 3 

[0018] 



Fig. 1 shows a basic representation of a first pre- 
ferred embodiment of the Independent heating and 
air-conditioning Installation for a vehicle according 
to the Invention. 

Fig. 2 shows a similar representation to Fig. 1 of a 
second preferred embodiment, In which the ther- 
modynamic heating circuit is designed to be revers- 
ible. 

Fig. 3 shows a further preferred embodfrnent of the 
independent heating and air-conditioning Installa- 
tion according to the invention, in a view similar to 
Figs. 1 and 2, the thermodynamic circuit being 
switchable between cooling mode and heating 
mode. 

Description of the preferred embodiments 

[0019] Referring now to Fig. 1, this figure repre- 
sents an independent heating and air-con dttl on ing 
installation tor a vehicle. The heating end air-condition - 
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55 



ing Installation comprises a fuel -call 1 as a source of 
electricity and heat. The fuel cell 1 is connected to a 
delivery and/or compression device 2 of a thermody- 
namic circuit 10. The thermodynamic circuit 10 com- 
» prises, In the usual way, an evaporator 12 used for 
cooling, a relaxation device 16 and a heat exchanger 
14. The evaporator 12 and the heat exchanger 14 may 
optionally be blown by fans 3. 4. 
[0020] The fuel cell *1 can selectively act, via alfo- 
o cated coolant circuits, on a heat exchanger 6 used for 
heating purposes and/or on a waste heat exchanger 8. 
The waste heal exchanger 8 may optionally also be 
designed as a heat store. As represented by broken 
lines, both the useful heat exchanger 6 and the waste 
5 heat exchanger 8 can be used as interfaces with a cool- 
ant circuit belonging to the engine Lastly, the fuel cell 1 
is also connected to an electrical heater 5, in the form of 
a PTC beating register In the embodiment which Is rep- 
resented. 

t [0021] The different operating modes of the Inde- 
pendent heating and air-con dlttoning installation for a 
vehicle according to the embodiment which Is repre- 
sented will be briefly outlined below; 
[0022] When heating power Is needed in order to 
regulate the temperature of the interior passenger com- 
partment the fuel cell is supplied with fuel from a reser- 
voir (not shown), and generates electricity and heat. 
The heat that is generated can be transferred via the 
heat exchanger 6 to air which Is blown by the fan 3. The 
slightly preheated air leaving the heat exchanger 6 is 
then brought to the desired temperature by means of 
the PTC heating register 5 supplied by the fue! cell 1 . 
[0023] When cooling of the vehicle Interior is 
desired, then the electricity provided by the fuel cell 1 Is 
used to power the compressor 2 of the thermodynamic 
circuit 10. The refrigerating power needed to regulate 
the temperature of the interior passenger compartment 
is hence made available in the evaporator 12. The heat 
evolved by the fuel cell 1 during the generation of elec- 
tricity is then, for example, stored in the heat store 8 for 
so-called reheat operation or for regulating the temper- 
ature either of the fuel cell or of another vehicle power 
unit In the embodiment which is represented, the heat 
store 8 is also provided with a heat-exchanger function, 
in order to be able to give off heal to the surrounding air 
K need arises, should the fuel cell become too hot. 
[0024] In the embodiment which is represented In 
Fig. 2, a fuel cell 1 Is once more used as a source of 
electricity and heat As in the case of the embodiment 
which Is represented In Fig. 1, the fuel cell 1 is con- 
nected in order to power a delivery and/or compression 
device 2 of a thermodynamic circuit 10. In contrast to 
the embodiment which Is represented In Rg. 1, how- 
ever, ihe thermodynamic circuit 10 Is designed to be 
reversible. Accordingly, the thermodynamic circuit 10 

can flrstty be used, in the conventional way, as a refrig- 
erating ctrcuft and, as an alternative, it can function as a 
heat pump In heating operation. In order to make it pos- 




PACE 22/56 * RCVD AT 3/4/2006 11:31:43 PM [Eastern Standard Time] * SYR:USPTO-EFXRF-2/12 * DNIS:2738300 * CSID: 5053230 865 * DURATION (mnvss):22 -24 



03/04/2006 21:39 FAX 5053230865 



M OBERT KESTENBAUM 



@023 



EP 1 057 668 A2 



siWe to fulfill both functions, a fluid/flu id/air heat 
exchanger 15 is provided, which can take heat from the 
thermodynamic circuit 10 in cooling operation and can 
transfer heat from the cooling circuit of the fuel cell 1 to 
the thermc dynamic circuit 10 in heating operation. As in 5 
the previous embodiment, the fuel ceJl 1 may addition- 
ally act on a heat store end/or exchanger B. Further, just 
as in the previous embodiment, a PTC heating register 
5 may be provided as a reheat device. Besides the Inter- 
connection with the delivery and/or compression device w 
2 of the thermodynamic circuit .10 and with the PTC 
heating register 5, It is also possible for further elec- 
tronic or electrical units to be supplied by the fuel cell 1 , 
e.g. the fans 3, 4 which are represented. 
[0025] When heat is then needed In order to regu- 1$ 
late the temperature of the vehicle Interior, the fuel cell 
1 is supplied with fuel, In order to act on the delivery 
and/or compression device 2 in such a way that the 
thermodynamic circuit 10 works like a heat pump. As 
the low-temperature level for the thermodynamic circuit 20 
1 0, the fluid/f luld/air heat exchanger 1 5 Is supplied with 
coolant from the fuel cell 1. The heating power provided 
by the fuel ceil is then accordingly available In the heat 
exchanger 12 at a higher temperature level In order to 
heat the air passing through, which can optionally be 25 
heated yet further afterwards by means of the PTC 
heating registers. 

[0026] In cooling operation, the fuel cell 1 does not 
act on the ftukOTMdtalr heat exchanger 15. Instead, the 
fluid/ffuld/air heat exchanger 15 gives off waste heat 30 
from the thermodynamic circuit 10 to the surrounding air 
in the conventional way. In order to avoid overheating, 
and in order to make it possible to use the waste heat 
from the fuel cell in cooling mode as well, a heat store 
and/or heat exchanger B in which, In cooling mode, heat as 
can be stored or, If need arises, can be given off to the 
surrounding air, is provided as in the embodiment which 
is shown in Rg. 1. 

[0027] Lastly. Rg. 3 represents a third preferred 
embodiment of the Independent heating and alr-condi- 40 
tiontng installation according to the Invention, which 
essentially combines the concepts of the first two 
embodiments with one another, with the thermody- 
namic circuit 10 additionally being designed to be 
branched, in order to be selectively switohable for the 45 
heating or cooling mode. 

[0028] In contrast to the embodiment which is rep- 
resented in Fig. 2, a fluid/fluid heat exchanger 1 7 Is pro- 
vided instead of the fluid/fluid/a Ir heat exchanger. In this 
embodhient, a combined heat exchanger/evaporator bo 
20 is used to regulate the temperature of the air to be 
fed into the passenger compartment In order to make it 
possible to switch the thermodynamic circuit 10 
between cooling end heating mode, two three-way 
valves, which can be switched in accordance with the ss 
requirements for temperature regulation, are provided in 
the embodiment which is shown. 
[0029] When the embodiment which is shown In 



Rg. 3 Is being used for heating, then the control valves 
18. 19 are switched in such a way that the fluid of the 
thermodynamic circuit 10 is applied only to the heat 
exchangers 17 and 20, while it Is applied only to the 
heat exchangers 20, 1 4 in coofing moda 
[0030] in the case of the embodiment which is 
shown in Rg. 3, the waste heal from the fuel cell 1 can 
hence be used directly in the heat exchanger 20 in heat- 
ing mode, with alternative or additional air heating by 
means of the thermodynamic circuit 10. used as a heat 
pump, with subsequent final heating by means of a PTC 
heating register 5. In cooling mode, the embodiment 
which Is shown in Rg. 3 is operated in a similar way to 
the embodiment which is shown In Fig. 1 . 
[0031] In summary, it may be said that the present 
invention provides an independent heating and air-con- 
ditioning installation independent of the situation of the 
vehicle. The heating and air-conditioning installation 
according to the invention can optionally be combined 
with the coolant circuit or the vehicle, in order to mini- 
mise the number of heat exchangers which are needed. 
In any event, a significant Increase In efficiency Is 
achieved through the combined use of electricity and 
heat generated by the fuel cell, with the storage of sur- 
plus or unneeded heat from the fuel cell, It Is possible to 
achieve optimized starting response both of the fuel cell 
and of the overall vehicle by means of reheat operation. 
[0O32] Although the present invention has been 
described above entirely with reference to a few cur- 
rently preferred embodiments, the person skilled in the 
art should realize that a wide variety of changes and 
modifications are possible within the scope of the 
attached claims. In particular, it is worth mentioning that 
individual features of individual embodiments may bo 
combined In any desired way with other features of 
other embodiments. 

Claims 

1. An Independent heating and air-conditioning instal- 
lation having a fuel cell, said fuel cell being used as 
a source of electricity and heat, said fuel cell further 
being connected to a delivery and/or compression 
device of a thermodynamic circuit, with a coolant 
circuit assigned to the fuel cell and at least one fur- 
ther fluid circuit supplying at least one useful heat 
exchanger. 

2. The heating and air-con dittonlng Installation of 
claim 1, having a waste heat exchanger, which may 
optionally be supplied with at least one further fluid. 

3. The heating and alr-conditionlng Installation of 
dalm 1, in which a said useful heat exchanger is 
designed as a heat store. 



4. The heating and air-conditioning installation of 
claim 1, In which a said useful heat exchanger is a 
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radiator which Is used for healing air. 

5. The heating and air-conditioning Installation of 
claim 1, in which a sale* useful heat exchanger Is a 
fluid/fluid heat exchanger or a fiuid/fluid/air heat 5 
exchanger. 

6. The heating and air-conditioning installation of 
claim 5. in which the thermodynamic circuit is 
designed to be reversible. w 

7. The heating and air-conditioning installation of 
claim 1 , In which the fuel cell is connected to an 
electrical heater, in particular a PTC heater 

8. The heating and air-conditioning Installation of 
claim 1 , in which the fuel cell Is connected to further 
efectricaJ units, in particular to fans. 

20 
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(54) Heating and air-conditioning Installation 

(57) An Independent heating and air-conditlonfng in- 
stallation has a fuel cell (1 ) used as a source of electricity 
and heat. The fuel cell is connected to a delivery and/or 



compression device (2) of a therm odynamlo circuit (10). 
The thermodynamic circuit has a coolant circuit as- 
signed to the fuel cell (1) supplying at least one useful 
heat exchanger (6, 8; B, 15; 8, 17, 20). 
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